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Abstract²&OLPDWH FKDQJH UHPDLQV D FKDOOHQJLQJPDWWHU IRU WKH
KXPDQDQGWKHEXLOWHQYLURQPHQWLQWKHVWFHQWXU\ZKHUHWKHQHHG
WRFRQVLGHUDGDSWDWLRQWRFOLPDWHFKDQJHLQWKHGHYHORSPHQWSURFHVVLV
SDUDPRXQW+RZHYHU WKHUH UHPDLQVD ODFNRI LQIRUPDWLRQ UHJDUGLQJ
KRZ ZH VKRXOG SUHSDUH UHVSRQVHV WR WKLV LVVXH VXFK DV WKURXJK
GHYHORSLQJRUJDQL]HGDQGVRSKLVWLFDWHGWRROVHQDEOLQJWKHDGDSWDWLRQ
SURFHVV7KLVVWXG\DLPVWREXLOGDV\VWHPDWLFIUDPHZRUNDSSURDFKWR
LQYHVWLJDWH WKH SRWHQWLDOV WKDW 1HLJKERUKRRG 6XVWDLQDELOLW\
$VVHVVPHQWWRROV16$PLJKWRIIHULQHQDEOLQJERWKWKHDQDO\VLVRI
WKHHPHUJLQJDGDSWLYHFDSDFLW\WRFOLPDWHFKDQJH






KRZ WKH VXVWDLQDEOH GHYHORSPHQW SURFHVV FDQ UHVSRQG WR FOLPDWH
FKDQJH$VZHOODVKRZWKHUHVLOLHQFHRISUDFWLFDOVWUDWHJLHVPLJKWEH
HYDOXDWHG ,W LV VXJJHVWHG WKDW WKH LQWHJUDWLRQ RI WKH VXVWDLQDELOLW\
DVVHVVPHQW SURFHVVHVZLWK ERWK WKH UHVLOLHQFH WKLQNLQJ SURFHVV DQG
YXOQHUDELOLW\PLJKWSURYLGHLPSRUWDQWFRPSRQHQWVIRUDGGUHVVLQJWKH
DGDSWLYH FDSDFLW\ WR FOLPDWH FKDQJH $ FULWLFDO UHYLHZ RI H[LVWLQJ
OLWHUDWXUHLVSUHVHQWHGLOOXVWUDWLQJWKHFXUUHQWODFNRIZRUNLQWKLVILHOG




VFDOHFDQEHFRQVLGHUHGDVPRUH VXLWDEOH WKDQHLWKHU WKHEXLOGLQJRU
XUEDQVFDOHV,WWKHQSUHVHQWVWKHH[DPSOHRI16$VDQGGLVFXVVHVWKH
QHHGWRH[SORUHWKHLUSRWHQWLDOUROHLQSURPRWLQJWKHDGDSWLYHFDSDFLW\
WR FOLPDWH FKDQJH 7KH WKLUG SDUW RI WKH IUDPHZRUN SUHVHQWV D
FRPSDULVRQ DPRQJ WKUHH H[DPSOH 16$V %5(($0 &RPPXQLWLHV
/(('1'DQG&$6%((8'7KHVHWKUHHWRROVKDYHEHHQVHOHFWHGDV





DUJXHG WKDW YXOQHUDELOLW\ H[SRVXUH 	 VHQVLWLYLW\ DQG UHVLOLHQFH
,QWHUGHSHQGHQFH	5HFRYHU\IRUPHVVHQWLDODVSHFWVWREHDGGUHVVHG
LQWKHIXWXUHDVVHVVPHQWRI16$¶VFDSDELOLW\WRDGDSWWRERWKVKRUWDQG
ORQJ WHUP FOLPDWH FKDQJH LPSDFWV )LQDOO\ LW LV DFNQRZOHGJHG WKDW
IXUWKHUZRUNLVQRZUHTXLUHGWRXQGHUVWDQGLPSDFWDVVHVVPHQWLQWHUPV
RI WKH UDQJH RI SK\VLFDO VHFWRUV :DWHU (QHUJ\ 7UDQVSRUWDWLRQ
%XLOGLQJ /DQG 8VH DQG (FRV\VWHPV $FWRU DQG VWDNHKROGHU




6DOO\ 1DML LV ZLWK WKH 'HSDUWPHQW RI $UFKLWHFWXUH :HOVK 6FKRRO RI
$UFKLWHFWXUH8QLWHG.LQJGRPHPDLOQDML6$#FDUGLIIDFXN






ZLQQHU 5DMHQGUD 3DFKDXUL VDLG ³,I WKHUH¶V QR DFWLRQ EHIRUH
WKDW¶VWRRODWH:KDWZHGRLQWKHQH[WWZRWRWKUHH\HDUV
ZLOO GHWHUPLQH RXU IXWXUH 7KDW¶V WKH GHILQLQJ PRPHQW´ >@
$GDSWLYHFDSDFLW\LVDVLJQLILFDQWPDWWHU,QGHHGLWLVWKHSLYRWDO
FRQFHSWLQDLGLQJHIIHFWLYHDGDSWDWLRQ>@'HVSLWHWKHLQFUHDVH
RI WKH VWXGLHV WKDW IRFXV RQ WKH QHHG WR DGGUHVV WKH DGDSWLYH
FDSDFLW\ RYHU WKH ODVW \HDUVZH VWLOO FDQQRW ILQGPHWKRGV WR
HQDEOHDQXQGHUVWDQGLQJRIDGDSWLYHFDSDFLW\WRFOLPDWHFKDQJH
LQSUDFWLFDOWHUPV>@
7KLV VWXG\ DLPV WR SUHVHQW D SUDFWLFDO IUDPHZRUN IRU
DGGUHVVLQJ WKH DGDSWLYH FDSDFLW\ WR FOLPDWH FKDQJH LQ WKH
FRQWH[WRIWKHVXVWDLQDEOHGHYHORSPHQWSURFHVV3DUWLFXODUO\LQ
WKH FRQWH[WV RI HYDOXDWLQJ WKH EHKDYLRU RI DQG LQWHUDFWLRQ
EHWZHHQ SK\VLFDO DQG VRFLDO LQGLFDWRUV VLPXOWDQHRXVO\ >@
)XUWKHU WKHUH UHPDLQV D JDS ODFN LQ XQGHUVWDQGLQJ RI KRZ
VXVWDLQDELOLW\FDQPDQDJHFOLPDWHFKDQJHLPSDFWVLQGHOLYHULQJ
SRVLWLYH QHW VXVWDLQDELOLW\ JDLQV QRZ DQG LQWR WKH IXWXUH >@
7KHUHIRUH WKLV UHVHDUFK DLPV WR XQGHUVWDQG ZKHWKHU
VXVWDLQDELOLW\ DQG DGDSWDWLRQ WR FOLPDWH FKDQJH FDQ EH
VLPXOWDQHRXVO\DGRSWHGDQGSURPRWHGLQWKHEXLOWHQYLURQPHQW
GHYHORSPHQWSURFHVV
,Q WKLV VWXG\ LW LV DUJXHG WKDW DQ LQLWLDO UHYLHZRI H[LVWLQJ
UHVHDUFK KDV LGHQWLILHG OLQNDJHV EHWZHHQ FOLPDWH FKDQJH
VXVWDLQDELOLW\ DQG RWKHU UHOHYDQW FRQFHSWV LQFOXGLQJ





7KH ILUVW UHODWHV WR WKH LQWHJUDWLRQ RI SUDFWLFDO FRQFHSWV WR
HQDEOH WKHFRQGXFWRI DQDQDO\VLVRI DGDSWLYHFDSDFLW\ LQ WKH
VXVWDLQDEOHGHYHORSPHQWFRQWH[W,W LVHVWDEOLVKHGWKDWGHVSLWH
WKH OLQHDU SURFHVV RI LGHQWLILFDWLRQ DQG H[WUDFWLRQ RI VXFK
FRQFHSWV LQ WKHHQG WKH UHODWLRQVKLSEHWZHHQ WKHVHFRQFHSWV
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DGGUHVVLQJ WKH SODQQLQJ DQG LPSOHPHQWDWLRQ RI WKH SUDFWLFDO
IUDPHZRUN
:KLOH WKH VHFRQG DVSHFW WKDWPXVW EH DGGUHVVHG LV LQ WKH
VHOHFWLRQ RI WKH PRVW DSSURSULDWH VFDOH DW ZKLFK LW LV PRVW




RI FRQGXFWLQJ WKH DQDO\VLV DW DQ LQWHUPHGLDWH VFDOH










EHJXQ WR H[SHULHQFHZKDWZH FDQQDPH WKH VKRUW WHUP VORZ
LPSDFWV UHODWHG WR DQ LQFUHDVH LQ WHPSHUDWXUH DQG FKDQJHV LQ




LQ H[SHFWHG FOLPDWH UHODWHG UHIXJHHV H[SHFWHG WR H[FHHG 
PLOOLRQE\>@DQGLQFUHDVHGYXOQHUDELOLW\RIPDQ\JOREDO
FLWLHV WR KD]DUGV VXFK DV IORRGLQJ KHDY\ SUHFLSLWDWLRQ DQG
F\FORQHV H[WUHPH WHPSHUDWXUHV DQG GURXJKW FRQGLWLRQV >@
)XUWKHU DQ LQFUHDVH LQ IUHTXHQF\ DQGPDJQLWXGH RI H[WUHPH
FOLPDWLF HYHQWV LV D NH\ IRUP LQ ZKLFK ORQJHU WHUP FOLPDWH
FKDQJH LV OLNHO\ WR EH PDQLIHVW >@ )RU LQVWDQFH ERWK WKH
IUHTXHQF\ JHRJUDSKLFDO UDQJH DQG PDJQLWXGH RI H[WUHPH
HYHQWV LV H[SHFWHG WR LQFUHDVH VXFK DV WKDW H[SHULHQFHG LQ






UHJDUGLQJERWK WKHVKRUW WHUPDQG LPSRUWDQWO\ WKH OLNHO\ ORQJ
WHUP LPSDFWV 7KH H[LVWHQFH RIPHWKRGV DV SUDFWLFDO WRROV LV
LPSRUWDQWLQDGGUHVVLQJWKHDGDSWDWLRQRIERWKKXPDQVVRFLDO
QHWZRUNV DQG EXLOW HQYLURQPHQW SK\VLFDO LQIUDVWUXFWXUH WR
WKHVH FOLPDWLF HYHQWV 7KHVH WRROV QHHG WR EH GHYHORSHG DQG
LPSOHPHQWHG ZLGHO\ DV ZHOO DV HPEHGGHG LQ WKH GHFLVLRQ
PDNLQJ SURFHVV LQ ERWK LPSDFW WHUPV ,Q WKLV FRQWH[W LW LV
SURSRVHGKHUHWKDWWKHUHLVDSRWHQWLDOWRDFKLHYHWKLVWKURXJKDQ
LQYHVWLJDWLRQ RI KRZ H[LVWLQJ ZLGHO\ DGRSWHG VXVWDLQDELOLW\
DVVHVVPHQW WRROVFDQEHXWLOL]HGWRDGGUHVV WKHVHLVVXHV"7KLV
SRWHQWLDO LVDUJXHGRQ WKHEDVLV WKDW VXVWDLQDELOLW\DVVHVVPHQW
WRROVKDYHEHHQHIIHFWLYHO\DQGZLGHO\DGRSWHGWRDGGUHVVDQG
GHOLYHU PRUH VRFLDOO\ HFRQRPLFDOO\ DQG HQYLURQPHQWDOO\
DSSURSULDWHGHYHORSPHQWRIWKHEXLOWHQYLURQPHQWRYHUWKHODVW
GHFDGHVODUJHO\UHVSRQGLQJWRPLWLJDWLRQRIJOREDOZDUPLQJ
7KHUHIRUH LW LV DUJXHG WKDW WKH LQWHJUDWLRQ RI DQ DVVHVVPHQW
IUDPHZRUNIRUDGDSWDWLRQZLWKLQWKHVHWRROVUHVSRQGLQJDVWKLV
ZRXOGWRWKH,3&&ZRUNLQJJURXSVWDWHPHQWWKDW³0DQDJLQJWKH
ULVNV RI FOLPDWH FKDQJH LQYROYHV DGDSWDWLRQ DQG PLWLJDWLRQ
GHFLVLRQVZLWKLPSOLFDWLRQVIRUIXWXUHJHQHUDWLRQVHFRQRPLHV
DQG HQYLURQPHQWV´ >@ :KHUH WKLV QHZ IRFXV RQ WKH
LQYHVWLJDWLRQRIDGDSWDWLRQVKRXOGERWKEXLOGDGDSWLYHFDSDFLW\
LQ WHUPV RI ERWK SK\VLFDO LQIUDVWUXFWXUH DV ZHOO DV DFWRUV¶
FDSDELOLW\WRDGDSWDQGPDNHDGDSWDWLRQDSSURSULDWHGHFLVLRQV
>@ 7KH QDWXUDO DQDO\WLFDO XQLW IRU VXVWDLQDEOH GHYHORSPHQW






GHYHORSPHQW DSSURDFKHV FDQQRWEH VXFFHVVIXOZLWKRXW WDNLQJ
LQWR FRQVLGHUDWLRQ WKH ULVNV DVVRFLDWHG ZLWK FOLPDWH FKDQJH
LPSDFWV >@ DQG WKHUH LV QR GRXEW WKDW WKH SURSRVHG
LQYHVWLJDWLRQLVIXOORIFKDOOHQJHVUHJDUGLQJWKHG\QDPLFQDWXUH
RI WKH FOLPDWH LPSDFWV%XW HVVHQWLDOO\ LQ VXVWDLQDELOLW\ WKH




VXVWDLQDELOLW\ GHYHORSPHQW SURFHVV WR H[WUDFW WKH WKHRUHWLFDO
FRQFHSWV ZLWKLQ WKH OLQNDJH EHWZHHQ WKHVH WZR FRQFHSWV LQ
RUGHU WR LQIRUP WKH SURSRVHG SUDFWLFDO MRLQW VXVWDLQDELOLW\ 
DGDSWLYHFDSDFLW\IUDPHZRUNDQDO\VLVODWHU




DQG WKH DGDSWLYH FDSDFLW\ WR FOLPDWH FKDQJH LQ SUDFWLFH LQ
ERQGLQJ WKH DQDO\VLV RI VXVWDLQDELOLW\ DQG &OLPDWH FKDQJH
DGDSWDWLRQ WKURXJK WKH DGRSWLRQ DQG DGDSWDWLRQ RI H[LVWLQJ
VXVWDLQDELOLW\ DVVHVVPHQW SURFHVVHV 7KH VLJQLILFDQFH RI WKH
VXVWDLQDELOLW\DVVHVVPHQWOLHVQRWRQO\LQGLUHFWLQJWKHGHFLVLRQ
PDNLQJ WRZDUGV VXVWDLQDELOLW\ ZLWKLQ ZKLFK LV HPEHGGHG
FOLPDWH FKDQJH PLWLJDWLRQ VWUDWHJLHV >@ +RZHYHU DOVR LW
DSSHDUV WR KROG WKH SRWHQWLDO WR EXLOG WKH DGDSWLYH FDSDFLW\
SURFHVVWR&OLPDWH&KDQJH




DSSURSULDWH DGDSWDWLRQ IXWXUH +RZHYHU LW FDQ EH VHHQ WKDW
FXUUHQWO\ VXFK WRROV IRFXV RQ WKH SUHVHQW SHUIRUPDQFH RI
VXVWDLQDEOH GHYHORSPHQW UDWKHU WKDQ WKH RQJRLQJ DQG IXWXUH
SHUIRUPDQFH RI VXFK DVVHWV ,W FDQ EH VHHQ KRZHYHU WKDW
GHILQLWLRQV RI VXVWDLQDELOLW\ VKRXOG LQKHUHQWO\ DGGUHVV WKH
FRQWLQXLW\ RI VXVWDLQDEOH SHUIRUPDQFH LQWR WKH IXWXUH DQG
WKHUHIRUHDGDSWLYHFDSDFLW\7KHFRQVLGHUDWLRQRIUHVLOLHQFHDQG
YXOQHUDELOLW\ WR FOLPDWH FKDQJH LQ WKH VKRUW DQG ORQJ WHUP
VKRXOG EH WUHDWHG DV D VLJQLILFDQW SHUVSHFWLYH RQ WKH
DFKLHYHPHQWRIVXVWDLQDELOLW\LQWKHGHYHORSPHQWSURFHVV
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PLWLJDWLRQ RI FOLPDWH FKDQJH >@ 7KH DGRSWLRQ RI
VXVWDLQDELOLW\DVVHVVPHQWWRROVFDQDOUHDG\SURYLGHVXSSRUWLQ
DGDSWLQJ WRFOLPDWHFKDQJH WKURXJK WKHLUHIIHFWRQPDQDJLQJ
UHVRXUFHV>@+RZHYHULWLVLPSRUWDQWWKDWWKLVFRQFHSWVKRXOG
EH DQDO\]HG LQ WHUPV RI ERWK WKH LPPHGLDWH DQG ORQJWHUP
FRQVHTXHQFHVRI&OLPDWH&KDQJHLPSDFWV>@,W LVSURSRVHG
WKHUHIRUH WKDW HDFK VXVWDLQDELOLW\ DVVHVVPHQW WRRO LQGLFDWRU
LGHQWLILHG DQG HVWDEOLVKHGZLWKLQ WRROV DV DEOH WR DGGUHVV WKH
VXVWDLQDEOHRXWFRPHPXVWDOVREHHYDOXDWHG LQUHODWLRQ WR LWV
UHVLOLHQFH WR WKH LPSDFWV RI FOLPDWH FKDQJH DV ZHOO DV LWV
SRWHQWLDO WR HQDEOH DGDSWLYH FDSDFLW\ZLWKLQ WKH SK\VLFDO DQG
VRFLDO V\VWHPV +HUH WKLV VWXG\ SRVLWLRQV WKH VXVWDLQDELOLW\
DVVHVVPHQW WRROV DW WKH FHQWHU RI WKH DQDO\VLV SURFHVV WR
HYDOXDWH LWV SRWHQWLDO WR HQDEOH DGDSWDWLRQ WR FOLPDWH FKDQJH
LPSDFWV7KH VXVWDLQDELOLW\ DVVHVVPHQW WRROV FDQPHGLDWH DQG
ERQG WKH GHFLVLRQ PDNLQJ VRFLDO QHWZRUNV DQG UHVRXUFHV
PDQDJHPHQW SK\VLFDO LQIUDVWUXFWXUH WR SRVLWLYHO\ LQIOXHQFH
WKH DGDSWDWLRQ SURFHVV WR FOLPDWH FKDQJH LPSDFWV LQGHHG LWV
UHVLOLHQFHERWKLQWKHVKRUWDQGORQJWHUP,QWKLVVLWXDWLRQDQG
WR HQVXUH WKH DGDSWLYH FDSDFLW\ RI ERWK WKH SODFH DQG LWV
FRPPXQLW\ UHVLOLHQFH KDV HPHUJHG DV ORQJWHUP VXVWDLQDEOH
VROXWLRQ>@:KHUHUHVLOLHQFHFDQJLYHDQ\V\VWHPWKHDELOLW\
WRUHPDLQDIWHULWVFRPSOHWLRQDQGRFFXSDWLRQRQDVXVWDLQDEOH
WUDFN >@ )RU LQVWDQFH LQ RUGHU WR DGGUHVV VXVWDLQDELOLW\ LQ
HQHUJ\ DW WKH XUEDQ VFDOH LQ WHUPV RI WKH FRQWLQXLW\ RI WKH
VXSSO\WUDQVPLVVLRQDQGGHPDQGVLQHIIHFWLYHZD\VUHVLOLHQFH
DSSHDUVKHUHDVDSUHFRQGLWLRQ>@0RUHRYHUWKHPDLQGULYHU
IRU WKH DGRSWLRQ RI UHVLOLHQFH WKLQNLQJ KHUH UHODWHV WR WKH
DGYDQWDJHV WR WKH PDQDJHPHQW RI WKH FRPELQHG VRFLDO
HFRORJLFDO V\VWHPV >@ +RZHYHU WKH PDQDJHPHQW RI WKH
DVVHVVPHQW LQ WHUPV RI UHVLOLHQFH  DGDSWLYH FDSDFLW\ DQG
VXVWDLQDELOLW\ RI ERWK SK\VLFDO DQG VRFLDO LQGLFDWRUV VKRXOG
QHFHVVDULO\ EH YHUERVH HVSHFLDOO\ LQ UHODWLRQ WR WKH QHHGHG
FRQVLGHUDWLRQRIWLPLQJRIWKHDVVHVVPHQWFRQFHSWXDOO\DWWKUHH
VWDJHVGXULQJWKHGHYHORSPHQWWKHLQWHUPHGLDWHSHUIRUPDQFH
DQG DW VRPH WKHRUHWLFDO HQG SRLQW +HUH WKH VWUXFWXUH RI WKH
IUDPHZRUNLVFRQVWUXFWHGWRDGGUHVVWKHERQGDPRQJWKHVHWKUHH
VWDJHVUDWKHUWKDQDVVHVVWKHRXWFRPHRIHYHU\VWDJH0RUHRYHU
UHVLOLHQFH VKRXOG EH D SDUW RI WKH VXVWDLQDELOLW\  DGDSWLYH
FDSDFLW\DVVHVVPHQWSURFHVVDQGQRWDQDGGLWLRQDOFRQFHSWDV
WKHPHDVXUHPHQW RI VXVWDLQDELOLW\ DW YDULRXV FLW\ OHYHOV LV D
IXQGDPHQWDOSURFHGXUH LQEXLOGLQJDVXVWDLQDEOHIXWXUH LQ WKH
XUEDQFRQWH[W>@
$FFRUGLQJO\ UHVLOLHQFH LV QRW D PLQRU FRQFHSW RQ WKH
FRQWUDU\ LW LV DPDMRUSDUW WREH DGGUHVVHG LI WKH VXVWDLQDEOH
V\VWHPGHVLJQHGDW WKHLQFHSWLRQRIDQ\GHYHORSPHQW LV WREH
SHUVLVWHQW,QWKLVVWXG\UHVLOLHQFHZLOOEHLQYHVWLJDWHGEHFDXVH
LW LV D SUHUHTXLVLWH LQ EXLOGLQJ WKH DGDSWLYH FDSDFLW\ WR DQ\










B.Is Resilience Enough in Addressing the Practical Analysis 
of Adaptive Capacity to Climate Change?
,QUHVLOLHQFHVWXGLHVWKHDQDO\VLVRIWKHDGDSWLYHFDSDFLW\KDV
UHODWHG WR WKH GHYHORSPHQW RI UREXVW VWUDWHJLHV IRU WKH
DGDSWDWLRQ LQ DGGUHVVLQJ WKH IOH[LELOLW\ RI VWUDWHJLHV WKDW WKH
V\VWHPDGRSWVWRZDUGVWKHFKDQJLQJFRQGLWLRQ>@>@>@
8S WR QRZ UHVLOLHQFH FKDUDFWHULVWLFV KDYH EHHQ FRQVLGHUHG





ZD\ )RU H[DPSOH >@ GHPRQVWUDWHG WKDW XUEDQ UHVLOLHQFH
FKDUDFWHULVWLFVDUHGLIIHUHQWLQUHJDUGWRWKHV\VWHPVDJHQWVDQG
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DQDO\VLV VKRXOG EH GLIIHUHQW )RU H[DPSOH IRU WKH SK\VLFDO
V\VWHPV UHVLOLHQFH FKDUDFWHULVWLFV DUH UHODWHG WR IOH[LELOLW\
UHGXQGDQF\DQGVDIHIDLOXUH6XFKUHVLOLHQFHFKDUDFWHULVWLFVDUH
FOHDUO\ LQWHJUDO WR WKH VXVWDLQDELOLW\ FRQWH[W DQG \HW UHPDLQ
WKHRUHWLFDOFRQFHSWVUHTXLULQJH[SDQVLRQLQWRFRQFHSWVWKDWDUH
DEOH WR EH SUDFWLFDOO\ DSSOLHGZLWKLQ GHHSHUPRUH SUDJPDWLF
VFLHQWLILFPHWKRGV)XUWKHUWKHDQDO\VLVRIWKHVHFKDUDFWHULVWLFV
UHPDLQV UHODWLYHO\ YDJXH HVSHFLDOO\ LQ FRQVLGHUDWLRQ RI WKH
WUDGHVRIIV UHTXLUHG EHWZHHQ WKH ORQJ WHUP DQG VKRUW WHUP
DGDSWLRQSURFHVV7KHUROHRIUHVLOLHQFHKDVEHHQHVWDEOLVKHGLQ
WKHGHYHORSPHQWRIVXVWDLQDELOLW\DVVHVVPHQW WRROV WRDGGUHVV
FOLPDWH FKDQJH LPSDFW ,Q SDUWLFXODU LQ HQDEOLQJ V\VWHPV WR
UHVLVW VWUHVVHVHIILFLHQWO\ WRDEVRUE WKHFKDQJH>@ >@DQG
ILQDOO\WRUHFRYHU>@DVWKHVHDUHWKHWKUHHSKDVHVWKDWFDQEH
FRQVLGHUHG WKH PDLQ FKDUDFWHULVWLFV RI UHVLOLHQFH +RZHYHU
DSSURDFKHV WR WKHLU DQDO\VLV DQG LPSOHPHQWDWLRQ KDYH EHHQ
GHPRQVWUDWHG LQ PRUH SUDFWLFDO FKDUDFWHULVWLFV VXFK DV
DGDSWDELOLW\>@>@>@GLYHUVLW\>@>@>@>@>@
DQGLQWHUGHSHQGHQFH>@>@+RZHYHUVXFKFKDUDFWHULVWLFV













































'HVSLWH WKH LGHQWLILFDWLRQ RI FRPSUHKHQVLYH UHVLOLHQFH
FKDUDFWHULVWLFV WKDW DGGUHVV WKH LPSRUWDQW LVVXHV UHODWLQJ WR
DGDSWLYHFDSDFLW\DJDSUHPDLQVLQUHODWLRQWRKRZWKHVRFLR
HQYLURQPHQWDO V\VWHP PLJKW IDFH FOLPDWH H[SRVXUH ,Q RWKHU
ZRUGV UHVLOLHQFH GRHV QRW DGGUHVV H[SRVXUH DQDO\VLV >@ LQ
RUGHU WR SUDFWLFDOO\ DQG DFFXUDWHO\ GHDO ZLWK WKH UDQJH RI
FKDQJHVLQPDJQLWXGHVDQGIUHTXHQF\RIFOLPDWHLPSDFWV,QWKLV
VWXG\H[SRVXUHDQDO\VLV LVDOVR LPSRUWDQWEHFDXVH LWHQDEOHV
DSSURSULDWHIRFXVRIUHVLOLHQFHDVVHVVPHQWDFFRUGLQJWRUHOHYDQW
FKDUDFWHULVWLFV IRU H[DPSOH LGHQWLI\LQJ WKH VHQVLWLYH
FRPPXQLW\ RU SODFHV HQDEOLQJ IRFXV RI DGDSWLYH UHVSRQVHV
0RUHRYHUWKHFRQQHFWLRQEHWZHHQH[SRVXUHDQGVHQVLWLYLW\LV
DOVR VLJQLILFDQW DQG LV URRWHG LQ WKH FRQFHSW RI ZKHUH
YXOQHUDELOLW\ DVVHVVPHQW LQ WKH FRQWH[W RI FOLPDWH FKDQJH
PDLQO\ FRPELQHV WKH QDWXUDO DQG VRFLDO VFLHQFH SHUVSHFWLYHV
>@ LQ WKH FRPELQDWLRQ RI SK\VLFDO DQG VRFLDO IDFWRUV 7KH
DQDO\VLV RI WKH UHODWLRQVKLS EHWZHHQ FOLPDWH H[SRVXUH DQG
V\VWHP VHQVLWLYLW\ LQ ERWK WKH SK\VLFDO DQG VRFLDO FRQWH[W LV
WKHUHIRUHWKHIUDPHZRUNIRUWKHHYDOXDWLRQRIYXOQHUDELOLW\ WR
FOLPDWHFKDQJHWREHDSSOLHGKHUH






DQG WKHQ WR DGRSW UHVLOLHQFH WKLQNLQJ FKDUDFWHULVWLFV 7KH
LQWHJUDWLRQ EHWZHHQ UHVLOLHQFH DQG YXOQHUDELOLW\ DV VKRZQ LQ
)LJ  SURYLGHV WKH FRPELQHG DQDO\WLFDO PHWKRG IRU WKH
$GDSWLYH&DSDFLW\LQVXVWDLQDELOLW\DVVHVVPHQWWRROV,W LVQRW
WKHLQWHQWLRQKHUHWRLQFOXGHWKHZKROHFRPSRQHQWVRIWKHWZR
FRQFHSWV EXW PRUH OLNHO\ WR H[WUDFW WKH FRPPRQ DVSHFWV
EHWZHHQWKHWZR7KLVLVQRWDSDUWRIWKLVVWXG\DVLWQHHGVWR
GLVFXVV WKHUHODWLRQEHWZHHQHDFKFKDUDFWHURI UHVLOLHQFHZLWK









KDV DGGUHVVHG WKH OLQNDJH WR DGDSWDWLRQ WR FOLPDWH FKDQJH LQ
GLIIHUHQW VFHQDULRV VXFK DV VFDOH >@ >@ VHFWRU >@
PDQDJHPHQW >@ DQGSROLF\ >@ZKHWKHU JRYHUQPHQWDO DQG
GHFLVLRQPDNLQJ >@ >@ DQG LQIRUPDWLRQ >@ WR SURWHFW
FOLPDWH UHVRXUFHV >@ DQG EXVLQHVV DQG LQGXVWU\ >@ %XW
UHVHDUFK LV VWLOO UHTXLUHG WR LQFOXGH PHWKRGRORJLFDO
GHYHORSPHQWV PRQLWRULQJ DQG LQGLFDWRU VWXGLHV WHVWLQJ DQG
HYDOXDWLRQ RI DGDSWDWLRQ PHDVXUHV DQG VWDNHKROGHU
SDUWLFLSDWLRQ >@ DQG WR IRFXV RQ WKH PLWLJDWLRQ DQG
VXVWDLQDELOLW\LQUHJDUGLQJWKHJRYHUQDQFHDQGGHFLVLRQPDNLQJ
SURFHVV>@,QFRPSDULVRQWRUHVLOLHQFHDQGYXOQHUDELOLW\WKLV
FDQ EH FRQVLGHUHG DV GHYHORSHG OLWHUDWXUH KRZHYHU WKHUH DUH
VWLOO JDSV LQ UHODWLRQ WR GHYHORSLQJ VRSKLVWLFDWHG DVVHVVPHQW
WRROV WKDW FRPELQH WKH DGDSWDWLRQ WR FOLPDWH FKDQJH DQG LQ
SDUWLFXODU LQ DGDSWLQJ WR WKH ORQJHU WHUP VSHFLILFDOO\ 7KH
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5HVLOLHQFH 0RVWO\ UHVLOLHQFH VWXGLHV KDYH OLQNHG WKH
DGDSWLYHFDSDFLW\ZLWKLGHDVVXFKDVJRYHUQDQFHPDQDJHPHQW
DQG LQVWLWXWLRQV ,W KDV DOVR EHHQ HYDOXDWHG LQ UHODWLRQ WR WKH
SK\VLFDODVVHWDQGGLVDVWHUFRQWH[WVXFKDV>@ >@EXW OHVV
WKDQ LQ WKH VRFLDO IRFXV ,Q UHVLOLHQFH VWXGLHV WKHFRPPXQLW\




9XOQHUDELOLW\ ,Q UHVHDUFK UHJDUGLQJ WKH OLQNDJH EHWZHHQ
YXOQHUDELOLW\ DQG DGDSWLYH FDSDFLW\ VLJQLILFDQW NQRZOHGJH DV





VWXGLHVZHUH GLIIHUHQW WR WKRVH VWXGLHV DVVRFLDWHGZLWK HLWKHU




*URXS  7DEOH ,, %RWK UHVLOLHQFH DQG YXOQHUDELOLW\ GHDO
ZLWKWKHDGDSWLYHPDQDJHPHQWDVFRUHLVVXHVLQWKHLUWKLQNLQJ
SURFHVV >@ 1HYHUWKHOHVV WKHUH DUH YHU\ IHZ VWXGLHV WKDW
FRPELQHWKHWZRDVSHFWVLQDQLQWHJUDWHGDQDO\VLVIRU$GDSWLYH
&DSDFLW\ LQ SUDFWLFDO WHUPV (YHQ LQ WKH VWXGLHV WKDW KDYH
FRPELQHGWKHVHWZRLVVXHVVXFKDV>@>@LWLVVWLOOQRWFOHDU
ZKHUHWKH\LQWHUDFWDQGZKHUHWKH\VHSDUDWHZKHQLWFRPHVWR























*URXS  5HJDUGLQJ WKH VWXGLHV WKDW KDYH IRFXVHG RQ
DGGUHVVLQJ D FRPELQDWLRQ RI WKH WKUHH FRQFHSWV DV 7DEOH ,,,
VKRZVWKHQXPEHURIVWXGLHVZKLFKLQWHJUDWHWKHWKUHHFRQFHSWV
DUHIHZHUWKDQWKRVHWKDWHLWKHUDGRSWUHVLOLHQFHRUYXOQHUDELOLW\
,Q UHODWLRQ EHWZHHQ VXVWDLQDELOLW\ DQG UHVLOLHQFH RU
YXOQHUDELOLW\WKHVWXGLHVDUHPRUHGHYHORSHGLQDGGUHVVLQJWKH
SUDFWLFDO VWUDWHJLHV IRUEXLOGLQJ WKH DGDSWLYH FDSDFLW\:KHUH
WKHPDMRULW\RI WKHVHVWXGLHV LQ WKHWDEOHKDYHIRFXVHGRQWKH
SK\VLFDOVRFLDO LQWHUDFWLRQ DQDO\VLV EXW WKH\ DUH VWLOO DV
WKHRUHWLFDOVWXGLHVVXFKDV>@>@DQG>@>@LQUHVLOLHQFH
DQG YXOQHUDELOLW\ OLWHUDWXUH UHVSHFWLYHO\ 7KH OLQN EHWZHHQ
VXVWDLQDEOHFRPPXQLW\VFDOHZLWKWKHVHWZRLGHDV>@>@DUH




































1RQH RI WKHVH VWXGLHV KDV OLQNHG WKH LGHD RI DGRSWLQJ
VXVWDLQDELOLW\DVVHVVPHQWWRROVDWDQ\VFDOHQRUWREHHYDOXDWHG
DVSRWHQWLDOFOLPDWHFKDQJHDGDSWDWLRQWRROV7KHOLWHUDWXUHWKDW
FRPELQHV WKH WKUHH KDYH TXHVWLRQHG WKH UHODWLRQ DPRQJ WKH
WKUHH 7KHUHIRUH WKHUH UHPDLQV GHILQLWH VFRSH WR DQDO\]H





VFDOH LVDVVRFLDWHGZLWKWKHPRVW LPSRUWDQWVHFWRUV WKDWDIIHFW
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WKH IUDPHZRUN >@ 8QGHUVWDQGLQJ WKH FRYHUDJH RI WKHVH
VHFWRUVLQWKHH[LVWLQJWRROVUHODWHVWRDQDQDO\VLVRIWKHFRQWHQWV





7KH IRFXV KHUH LV WR GHPRQVWUDWHZK\ QHLJKERUKRRG VFDOH
DVVHVVPHQWWRROVDUHWKHPRVWDSSURSULDWHIRUFRQVLGHUDWLRQWKDQ
RWKHUDYDLODEOHWRROVDWWKHEXLOGLQJRUXUEDQVFDOH,QDGGLWLRQ










7KH QHLJKERUKRRG VFDOH LV UHJDUGHG DV WKHPRVW HIIHFWLYH
VFDOHDWZKLFKWRWDNHDFFRXQWRIOLQNDJHVEHWZHHQWKHGLIIHUHQW
SDUWVRIWKHXUEDQV\VWHPVXFKDVSRSXODWLRQEXLOGLQJVODQG
XVHV WUDQVSRUWDWLRQZDWHU HQHUJ\ELRGLYHUVLW\ DLUJHRORJ\








PDQ\ VWXGLHV >@ QHYHUWKHOHVV WKHUH LV D FRPSOH[LW\ LQ
IRFXVLQJRQWKLVVFDOHWRDFKLHYHWKHVXVWDLQDEOHWDUJHWIRUXUEDQ
GHYHORSPHQWLQWKHORQJWHUP
:KLOH DW WKH EXLOGLQJ VFDOH WKLV LV QRW WKH VDPH VLWXDWLRQ
KHUH LWGRHVQ¶WIRUPXODWHDSUHVVXUHRQWKHQDWXUDOUHVRXUFHV
%XWQHYHUWKHOHVVEXLOGLQJVXVWDLQDELOLW\WRROVIDLOWRSURYLGHD
FRPSOHWH DVVHVVPHQW RI WKH FXPXODWLYH LPSDFWV >@ DQG




KDV LQFUHDVHG DQG VSUHDG >@ DPRQJ ERWK DXWKRULWLHV DQG
HVSHFLDOO\JOREDOLQYHVWRUV
7KH DSSOLFDWLRQ RI QHLJKERUKRRG VXVWDLQDELOLW\ DVVHVVPHQW
WRROV KDV WKHUHIRUH MXVW EHJXQ WR VSUHDG >@ )RU LQVWDQFH
UHJDUGLQJ/(('1'DWRWDORIQHLJKERUKRRGGHYHORSPHQW
SURMHFWVLQFOXGLQJIURP86VWDWHVDQGIURPDQRWKHU
 FRXQWULHV ZHUH UHJLVWHUHG DV SLORW SURMHFWV IRU /(('1'
FHUWLILFDWLRQ >@ )XUWKHU PDQ\ WRROV VXFK DV /(('1'
%5(($0 &RPPXQLWLHV &$6%((8' (DUWK &UDIW
&RPPXQLWLHV '*1% IRU 8UEDQ 'HYHORSPHQW *UHHQ 6WDU
&RPPXQLWLHV 6WDU &RPPXQLW\ ,QGH[ *6$646$6
1HLJKERUKRRGV DQG *UHHQ 0DUN IRU 'LVWULFWV KDYH EHHQ
GHYHORSHG WR IDFLOLWDWH VXVWDLQDELOLW\ DVVHVVPHQW EH\RQG WKH
OHYHORIDVLQJOHEXLOGLQJ>@
5HJDUGLQJ WKH VFRSH RI QHLJKERUKRRG VXVWDLQDELOLW\






GHYHORSPHQW RI WKH RYHUDOO V\VWHP 7KH\ VKRXOG FRQQHFW
HQYLURQPHQWDO DQG VRFLDO GLPHQVLRQV DQG DOVR RIIHU D VRFLDO
OHDUQLQJFDSDELOLW\SDUWLFXODUO\OHDUQLQJIURPSROLF\LQLWLDWLYHV
7R VXP XS WKH VFDOH RI QHLJKERUKRRG FDQ EH HVVHQWLDO LQ
DGGUHVVLQJWKHVXVWDLQDELOLW\LQWKHSK\VLFDOQHLJKERUKRRGDQG
FRPPXQLW\ DVVHW DQG WKH LQWHUDFWLRQEHWZHHQ WKHP<HW WKLV
XQGHUVWDQGLQJRIWKHFRPPXQLW\VFDOHLVLPSRUWDQWLQPRYLQJ
WRZDUGV VXVWDLQDEOH FLWLHV >@ 7KH QHLJKERUKRRG
VXVWDLQDELOLW\ DVVHVVPHQW WRROV DUH ODUJHU WKDQ SK\VLFDO
LQGLFDWRUV7KDWSUHVHQWLQJWKHLUFRPSRQHQWVDQGDQDO\]HWKHP
LQ WKH FRQWH[WRI DGDSWDWLRQ WR FOLPDWH FKDQJH FDQEHXVHIXO




A.The Application of the Practical Framework 
7KHSURSRVHGIUDPHZRUNGHYHORSHGLQ)LJLVLQWHQGHGWR
SUHVHQW D SUDFWLFDO UDQJH RI FDWHJRULHV IRU DQDO\VLV RI WKH
SK\VLFDOVRFLDOFRQWH[WDVZHOODVDQRXWOLQHPHWKRGRORJ\IRU
PHDVXULQJ VXVWDLQDELOLW\ YXOQHUDELOLW\ DQG UHVLOLHQFH LQ WKH
WRROV VWUXFWXUH RYHU WLPH )XUWKHU WKH IUDPHZRUN LQWHQGV WR
FRQYHUW FRQWH[WXDO GLYLVLRQV RI WKH WKUHH FRPSRQHQWV
6XVWDLQDELOLW\9XOQHUDELOLW\DQG5HVLOLHQFHLQWRVFRUHVWKDWFDQ
EH FRPSDUHG DFURVV SURMHFWV DQG EH DJJUHJDWHG DW WKH
1HLJKERUKRRG OHYHO WR DVVHVV DGDSWLYH FDSDFLW\ WR &OLPDWH
&KDQJH 7KH IUDPHZRUN SURYLGHV DQ DSSURDFK WKDW FDQ EH
DGDSWHG WR WKH PHDVXUHPHQW RI UHVLOLHQFHYXOQHUDELOLW\ LQ
FRPELQDWLRQZLWKWKHVXVWDLQDELOLW\SHUIRUPDQFHDQDO\VLV7KLV
DSSURDFK LV LPSRUWDQW WR UHYHDO KRZ WKH WKUHH FRPSRQHQWV
LQWHUDFW DQG ZKHUH WKH\ FRQIOLFW LQ WKH DQDO\VLV RI $GDSWLYH
&DSDFLW\

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,Q WKLV IUDPHZRUN WKH DQDO\VLV RI WKH DGDSWLYH FDSDFLW\
FXUUHQWO\HQDEOHGZLWKH[LVWLQJ16$VLVEURNHQLQWRWZRPDLQ
GLYLVLRQVEDVHGRQWKHDGDSWDWLRQWRFOLPDWHFKDQJHOLWHUDWXUH
DERYH LQ WHUPVRI VKRUW WHUPDQG ORQJ WHUP LPSDFWV ,QHDFK
GLYLVLRQ WKH WKUHH VHOHFWHG WRROV ZKLFK DUH /(('1'
%5(($0&20081,7,(6	 &$6%((8' DUH FRPSDUHG
GXH WR WKHLU VWDWXV DV WKH PRVW GHYHORSHG FXUUHQWO\ DSSOLHG
16$V >@ WKDW FRQVLGHU DOO WKUHHSLOODUVRI VXVWDLQDELOLW\$
IXUWKHUFRQVLGHUDWLRQIRUVHOHFWLRQZDVWKHDFFHVVLELOLW\RIWKHLU
PDQXDOV >@ 7KH FRPSDULVRQ DPRQJ WKH WKUHH WRROV LV
DVVRFLDWHG ZLWK WKH DQDO\VLV RI UHOHYDQW VHFWRU LQGLFDWRUV LQ
UHODWLRQWR:DWHU7UDQVSRUWDWLRQ(QHUJ\%XLOGLQJV/DQGXVH
DQG(FRV\VWHPV)RUHDFKVHFWRU WKHDQDO\VLVRI WKHPHWKRGV
LQGH[ FRQVWLWXWHV WKH LQWHUDFWLRQ RI WKH WKUHH PHDVXUHV
6XVWDLQDELOLW\ YXOQHUDELOLW\ DQG UHVLOLHQFH 69	57RROV
FRQWHQWV,QGLFDWRUV ZLOO EH DQDO\]HG LQ DFFRUGDQFH WR WKH
LQWHJUDWLRQ DPRQJ WKH WKUHHPHDVXUHV 69	5 )XUWKHU WKH
PHWKRG LQGH[ LV EXLOW WKH LQGLFDWRUV DUH GLVWULEXWHG LQWR
0DQGDWRU\0DQG2SWLRQDO2LQGLFDWRUV)LUVWWKHH[SRVXUHRI
WKHWRROVLVLGHQWLILHGLQUHODWLRQWRWKH&OLPDWH&KDQJHLPSDFWV
WR DQDO\]H KRZ VHQVLWLYH WKH\ DUH WR WKHVH 0HDQZKLOH WKH











UHSDUDWLRQ SURFHVV 6R UHFRYHU\ LV RQH FKDUDFWHULVWLF EXW LWV
DVVHVVPHQWFRQVWLWXWHVPRUHWKDQRQHDVSHFW7KLVLVZK\WKLV
UHVHDUFK DGRSWV ERWK UHFRYHU\ DQG LQWHUGHSHQGHQFH DV
HYDOXDWLRQIDFWRUV,WLVH[SHFWHGWRKDYHVRPHWUDGHRIIVDPRQJ






ZDWHU VHFWRU V\VWHP LQ WHUPV RI 6XSSO\ &RQVXPSWLRQ DQG






DV D UHVXOW RI WKH LQWHUDFWLRQ EHWZHHQ SK\VLFDO DQG VRFLDO
DVSHFWV 7KH LQWHJUDWLRQ RI WKH VXVWDLQDELOLW\ UHVLOLHQFH DQG
YXOQHUDELOLW\DQDO\VLVVKRXOGFODULI\LQZKLFKSDUWRIWKHVHWZR
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IRXQG WR EH ORFDWHG" +RZHYHU LQ JHQHUDO DQG LQ WKH RWKHU
VHFWRUV QRW RQO\ LQ ZDWHU WKH WRROV KDYH IRFXVHG RQ WKH
SK\VLFDODVVHWPRUHWKDQWKHVRFLDORQH7KDWIRULQVWDQFHZH
ILQG LQGLFDWRUV UHODWHG WR Rain water utilization LQ WKH WKUHH
WRROV EXW ZH FDQQRW FOHDUO\ VHH ZKR DUH WKH VWDNHKROGHUV 
DFWRUV UHOHYDQW WR WKLV IDFWRU"+RZ LW FDQ EH OLQNHGZLWK WKH
FRPPXQLW\ UHVSRQVLELOLW\ WR FRQVHUYH WKH ZDWHU" 7R ZKDW






>@ >@+HUH DQG DV FDQ EH VHHQ LQ WKH ILJXUH WKDW LQ WKH
LGHQWLILFDWLRQ DQG GHYHORSPHQW RI WKH VRFLDO LQGLFDWRUV WKH
DQDO\VLV RI WKH VRFLDO FKDUDFWHULVWLFV QDPHO\ /HDUQLQJ
HQJDJHPHQWDQGPDQDJHPHQWFDQEHVHHQDVFRPPRQDVSHFWV
LQ WKH DGDSWLYH FDSDFLW\ 7KH VHFRQG VWDJH ZLOO EH LQ
LQYHVWLJDWLQJWKHVHJDSVDPRQJWKHYDULRXVVWDNHKROGHUV7KLV
GLVFXVVLRQZLOOEHDQDO\]HGDFFRUGLQJWRWKHPHWKRGVWKDWFDQ
EH DSSOLHG LQ WKH UHDO ZRUOG ZKLFK DV D UHVXOW FDQ KHOS LQ
H[WUDFWLQJ DQG GHYHORSLQJ WKH VRFLDO LQGLFDWRUV RI WKH16$V
1HYHUWKHOHVV LW LV WKH LQWHQWLRQ RI WKLV ZRUN WKDW WKH VRFLDO
LQGLFDWRUV DUH QRW GLVFXVVHG LQ WKH FRQWH[W RI VXVWDLQDELOLW\
VHSDUDWHO\EXW DUH IXOO\ LQWHJUDWHGZLWK WKHHYDOXDWLRQRI WKH




LPSOLFDWLRQV RI FOLPDWH FKDQJH LPSDFWV RYHU WKH OLIHWLPH RI
FXUUHQWVXVWDLQDEOHGHYHORSPHQWVZHKDYHDUJXHGKHUHIRUWKH
QHHGWRFRQVWUXFWFRPSUHKHQVLYHWRROVIRUSRVLWLYHO\DGGUHVVLQJ
WKH DGDSWDWLRQ SURFHVV RYHU WLPH )XUWKHUZH KDYH SURSRVHG
KHUHWKDWWKHQHLJKERUKRRGVFDOHLVWKHPRVWDSSURSULDWHVFDOH
DWZKLFKWRILUVWDGRSWWKHSODQVDQGVWUDWHJLHVIRUWKDWSXUSRVH
'HVSLWH WKH UHODWLYHO\ IHZ H[LVWLQJ VWXGLHV UHJDUGLQJ
VXVWDLQDELOLW\ QHLJKERUKRRGV DQG WKHLU DVVRFLDWHG DVVHVVPHQW
SURFHVVHVWKLVVWXG\DUJXHGWKDWWKHVFDOHLVVXLWHGWRHQDEOLQJ
HQKDQFHGIOH[LELOLW\ WRVXVWDLQDELOLW\VWUDWHJLHVDQGHQKDQFLQJ
WKH DVVHVVPHQW SURFHVV 0RUHRYHU WKH DSSOLFDWLRQ RI
QHLJKERUKRRG VXVWDLQDELOLW\ DVVHVVPHQW WRROV KDV LQFUHDVHG
UHFHQWO\ LQWHUQDWLRQDOO\ GHVSLWH WKH OLWHUDWXUH LQ WKH ILHOG
UHPDLQLQJ ZHDN 7KHUH LV WKHUHIRUH VFRSH DQG WLPHOLQHVV LQ
SXUVXLQJ DQ LQYHVWLJDWLRQ DV WR WKHVH WRROV SRWHQWLDO
SHUIRUPDQFH DV VWUDWHJLHV WR DGGUHVV DQG HQDEOH DSSURSULDWH
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